Advancements in arthroscopic surgical techniques for rotator cuff repair (RCR) have led to decreased complication rates with equivalent functional outcomes compared with mini-open techniques, and biomechanical performance has been shown to be improved. 11 An abundance of evidence exists regarding 2-year outcomes after RCR, but little is known about what patients can expect during the recovery process. Our institution recently examined the speed of recovery (SOR) after arthroscopic RCR, and recovery of pain, function, and range of motion (ROM) was shown to plateau at 1 year. 17 This previous work focused on the overall SOR and examined the impact of tear size and retraction.
Various comorbidities have been shown to be associated with rotator cuff tear occurrence 1, 4, 14, 24, 25 and to affect rotator cuff tear size, degree of rotator cuff healing, and tear recurrence. 2, [4] [5] [6] 12, 14, 15, 27 Rotator cuff healing has been associated with maximal postoperative restoration of motion and function in RCR patients, 16 and smaller tear size has been associated with a faster SOR. 17 The effect of comorbidities and body mass index (BMI) on SOR in RCR patients is largely unknown. It has previously been suggested that the number of comorbidities should not preclude a patient from undergoing RCR. 26 However, a better understanding of how comorbidities affect the SOR would be helpful in counseling patients about postoperative expectations. It may also prove useful in guiding a physician's All work was performed at the Holy Cross Orthopedic Institute and Holy Cross Hospital.
decision to operate on the basis of a patient's ability to cope with prolonged recovery periods that may be associated with certain comorbidities.
The purpose of this study was to analyze the effect of comorbidities including diabetes, smoking, obesity, hypercholesterolemia, and age on the SOR and overall outcomes after RCR. Given the volume of data required to analyze numerous comorbidities and patient-reported outcome measures (PROMs), it was thought necessary to perform a separate study focusing on comorbidities using the same cohort of patients previously examined. 17 This would allow a more concentrated analysis of the impact of comorbidities on both the SOR and overall outcomes. We hypothesized that the presence of any of the studied comorbidities will result in a slower SOR and worse overall outcomes.
Materials and methods
A retrospective analysis of data collected for patients undergoing primary arthroscopic RCR included in our institution's shoulder and elbow surgery registry between November 2006 and December 2015 was performed using the same cohort of patients previously described. 17 As part of the standard registry protocol, BMI and the presence of comorbidities are noted preoperatively, which was the focus of this study. PROMs and shoulder motion (forward elevation [FE] and external rotation [ER]) assessments by best-effort goniometer measurements are collected preoperatively and at 3 months, 6 months, and 1 year and subsequent annual intervals postoperatively. PROMs included in this study were visual analog scale (VAS) scores for pain and function, American Shoulder and Elbow Surgeons (ASES) function score, Simple Shoulder Test (SST) score, and Single Assessment Numeric Evaluation (SANE) score. Subgroup analysis was performed on the basis of the presence or absence of the following preoperative comorbidities: diabetes mellitus, smoking, obesity, hypercholesterolemia, and older age. Obesity was defined as having a BMI ≥30 kg/m 2 . Patients were stratified into 2 age groups-older than 65 years and younger than 65 years.
All patients undergoing an arthroscopic primary repair of a fullthickness rotator cuff tear were included. Patients undergoing a partial or revision RCR were excluded. For each outcome variable, only those patients with minimum 6-month follow-up data were included in the analysis. Missing data were replaced using specific time point group means.
The senior author (J.C.L.) performed all operations arthroscopically in a beach chair position using the surgical technique previously described. 17 Postoperatively, all patients were maintained in a shoulder immobilizer for 6 weeks, with rehabilitation protocols determined on the basis of the tear size and not the presence of comorbidities. Patients with small tears were started in a physical therapist-directed protocol that allowed early active assisted and passive motion. Patients with larger tears were placed in a selfdirected home program for the first 3 months that called for pendulum exercises only for the first 6 weeks followed by active assisted stretching exercises for the subsequent 6 weeks. No strengthening exercises were prescribed for the first 3 months for all patients.
Plateau in maximal improvement
Using methodology previously described, 19 the plateau in maximal improvement was defined as the follow-up point at which no subsequent statistically significant improvement was observed compared with the immediately preceding follow-up interval. Using the VAS function column in Table I as an example, diabetic patients improved their mean scores from 4.2 preoperatively to 6.4 at 3 months, 7.1 at 6 months, and 7.3 at 1 year postoperatively. However, the improvement from 6 months to 1 year was not statistically significant. Therefore, the plateau in maximal improvement was determined to occur at 6 months postoperatively (Table I) .
Speed of recovery
SOR was defined as the percentage of the total improvement attained at each follow-up interval for each outcome measure. 19 This was calculated by the following formula: Again using the VAS function column in Table I as an example, SOR at 3 months postoperatively was calculated as the following (Table I) .
Statistical analysis
Independent samples t-test, paired samples t-tests, and repeatedmeasures ANOVAs were used where appropriate. Statistical analyses were conducted using SPSS version 22 (IBM Corp., Armonk, NY, USA). Significance was set at P < .05.
Results
There were 627 patients who met inclusion criteria; 382 (60.9%) were male and 245 (39.1%) were female, and the average age was 62.1 years (range, 29-87 years). Preoperatively, 74 patients were noted to have diabetes (11.8%), 49 patients were smokers (7.8%), 200 patients had a BMI ≥30 (31.9%), and 132 patients had hypercholesterolemia (21.1%).
Diabetes
Preoperative ASES function score, SST score, and ROM were significantly lower for diabetics. At 3 months, SST and VAS pain scores were worse in diabetic patients. These patients had worse pain (VAS pain score), functional outcome scores (ASES function, SST, VAS function), and FE at 6 months and 1 year compared with nondiabetics (P < .05). In patients with diabetes, plateau in maximal recovery occurred at 6 months for all variables except ASES function (plateau at 1 year). Nondiabetic patients plateaued at 1 year for all variables. SOR for pain was faster than recovery for function or ROM in diabetic and nondiabetic patients, with approximately 75% of ultimate improvement in pain being observed at 3 months. Diabetic patients demonstrated rapid improvements in FE at 3 months, achieving 65% improvement (Table I ; Fig. 1 ).
Smoking
There were no significant differences between smokers and nonsmokers for all variables at all time points with the exception of greater preoperative VAS function (P = .048) in nonsmokers. Plateaus occurred at 6 months for all variables in smokers. Nonsmokers plateaued at 1 year for all variables with the exception of ER, which occurred at 6 months. SOR for pain was faster than recovery for function or ROM in smokers and nonsmokers, with 73%-83% of ultimate improvement in pain being observed at 3 months (Table II; Fig. 2 ). 
Obesity
Obese patients had worse SST scores, VAS scores for pain, and ER preoperatively (P < .05) and had worse ASES function scores and ER at 1-year follow-up (P < .05) compared with nonobese patients. Outcomes at 3-month and 6-month follow-up were not significantly different between obese and nonobese patients with the exception of SST score at 3 months (P = .003) and VAS score for pain and abduction at 6 months (P < .05), which were worse in obese patients. Plateaus for all variables in both groups occurred at 1 year except for SANE in nonobese patients (plateau at 6 months) and ER in obese patients (plateau at 6 months). SOR for pain was faster than recovery for function or ROM in obese and nonobese patients, with 73%-77% of ultimate improvement in pain being observed at 3 months (Table III; Fig. 3 ).
Hypercholesterolemia
There were no significant differences between patients with and patients without hypercholesterolemia for all variables at all time points with the exception of FE at 1 year postoperatively, which was greater in patients without hypercholesterolemia (P = .034). Plateau Figure 1 Graphical depiction of mean outcomes during recovery after rotator cuff repair for patients with and without diabetes. Outcomes shown include those with at least 1 statistically significant difference during recovery due to comorbidity status. ASES, American Shoulder and Elbow Surgeons; SST, Simple Shoulder Test; VAS, visual analog scale. *Significant difference. occurred at 6 months for SANE and ROM in patients with hypercholesterolemia. All other plateaus for patients with and without hypercholesterolemia occurred at 1 year. SOR for pain was faster than recovery for function or ROM in both groups, with 70%-75% of ultimate improvement in pain being observed 3 months (Table IV ; Fig. 4) .
Age
There were no significant differences between patients older than 65 years and patients younger than 65 years for all variables at all time points. Plateau occurred at 1 year for all variables in both age groups with the exception of ER. In patients younger than 65 years, no true plateau was observed for ER as there was no significant improvement after surgery (P = .091). In patients older than 65 years, plateau in ER occurred at 1 year although significant improvement was seen only from 6 months to 1 year postoperatively (P = .026; Table V) .
Discussion
Comorbidities of patients continue to be important risk factors for the development of various medical problems as well as predictors for recovery. As it pertains to rotator cuff disease, the literature suggests that several comorbidities are associated with the development of rotator cuff tears 1, 4, 14, 24, 25 ; thus, a significant percentage of patients with tears requiring RCR present with these comorbidities. It is therefore important to determine the impact of these comorbidities on patients' recovery. This study illustrated the impacts of diabetes, smoking, obesity, age, and hypercholesterolemia on overall outcome and the SOR after RCR. Diabetes was found to have the greatest influence on SOR, with lower outcomes peaking at earlier time points.
Diabetic patients were found to have inferior outcomes for ROM and PROMs, with earlier plateau points in recovery. Previous studies have shown worse postoperative outcomes in diabetic patients after RCR. 7, 10, 12 The results of this study further support the impact of diabetes as plateaus in maximal improvement were found to occur earlier at these inferior outcome points. Diabetics reached plateaus in maximum improvement at 6 months, whereas those without diabetes continued to improve up to 1 year. The inferior outcomes and earlier plateau in recovery observed in diabetic patients may be linked to impaired cuff healing. Diabetes has been Figure 2 Graphical depiction of mean outcomes during recovery after rotator cuff repair for smokers and nonsmokers. Outcomes shown include those with at least 1 statistically significant difference during recovery due to comorbidity status. VAS, visual analog scale. *Significant difference.
Table III
Comparison of outcomes at various time points in recovery and the speed of recovery and plateau in maximal improvement for each outcome in obese and nonobese patients shown to have an impact on tendon-bone healing after RCRs in both animal studies 3 and clinical follow-up studies. 7, 9, 21 This study showed no differences between smokers and nonsmokers for all postoperative outcomes. Histologic studies have shown increased degenerative changes and apoptotic cells in smokers 20 as well as lower cellular proliferation and type I collagen expression in rats exposed to nicotine. 13 Yet there appears to be controversy in the current literature about outcomes in smokers after RCR. A systematic review by Bishop et al suggested that smoking is correlated with lower shoulder rating scores. 4 In contrast, another systematic review by Lambers Heerspink et al advocated that there is not enough evidence to support smoking's having an effect on outcomes. 18 Despite the controversy, this study does support an earlier plateau in recovery for smokers (6 months). Nonsmokers can expect continued improvement up to 1 year postoperatively.
There were no significant differences in final postoperative outcomes in our study between obese and nonobese patients except for final ASES function score and ER, which were worse in obese patients. The decreased ASES scores relative to nonobese patients are consistent with a retrospective review by Warrender et al, which found that obesity is associated with lower total ASES scores after RCR. 28 Similar to that for nonobese patients, plateau in maximal recovery for obese patients in this study occurred at 1 year for most variables. However, ER plateaued at 6 months.
This study showed no difference in final postoperative outcomes between patients with and patients without hypercholesterolemia. There appears to be little knowledge as to how hypercholesterolemia affects postoperative outcomes after RCR. However, a prospective rat study by Beason et al determined that high cholesterol concentration is associated with decreased normalized stiffness of the rotator cuff and potentially impaired healing, 2 which has been linked to worse outcomes after RCR. 16 The age of the patient did not have a significant effect on SOR or final postoperative outcomes as similar results were observed for patients regardless of the age group. Boileau et al determined that patients older than 65 years had significantly lower rates of cuff healing compared with younger patients. 5 Similarly, a multivariate regression analysis by Tashjian et al found that age was independently associated with lower odds of cuff healing, although healing was not significantly associated with improved motion. 27 This study did not evaluate for postoperative cuff healing; however, the results suggest that irrespective of rotator cuff healing, the SOR is not different between the 2 age groups. Furthermore, age did not influence the overall 1-year clinical outcome at the plateau point in recovery. This is in agreement with Pauly et al, who showed no difference in clinical outcomes between patients aged 65 years and older and younger patients. 23 Regardless of comorbidity status, all outcomes improved postoperatively, with pain improvements outpacing functional improvements. The SOR for pain was 70%-75% at 3 months regardless of comorbidity. Functional outcomes and motion seemed to be more variable and more commonly influenced by comorbidity. Many of these functional differences in the SOR relate to the severity of the preoperative baseline. For example, patients with diabetes had Figure 3 Graphical depiction of mean outcomes during recovery after rotator cuff repair for obese and nonobese patients. Outcomes shown include those with at least 1 statistically significant difference during recovery due to comorbidity status. ASES, American Shoulder and Elbow Surgeons; SST, Simple Shoulder Test; VAS, visual analog scale. *Significant difference. significantly worse FE (average, 118°; P = .005). At 3 months, 65% of the ultimate improvement in FE had been observed, with a plateau in improvement seen at 6 months.
There are several limitations in this study. Comorbidities were not evaluated for degree of management. Comorbidities such as diabetes may be more influential if they are poorly controlled. The impact of effectively treating each comorbidity may have influenced outcomes and the SOR. In addition, there is inherent selection bias in this retrospective analysis of patients surgically operated on as patients with comorbidities may be more commonly treated with nonoperative treatment on the basis of the surgeon's judgment or the patient's preference. Furthermore, all RCRs were performed under the experience of a single surgeon. Patients in this study were not routinely assessed with postoperative imaging for the presence of cuff degeneration or retear. The presence of these factors could have contributed to differences in outcomes, plateaus, or SOR between groups, as some studies have associated certain comorbidities with poor cuff healing and increased risk of degeneration or retear. 4, 8, 9, 22 The impact of tear size on the SOR was not specifically analyzed in this study, as this was performed previously. Tear size does have an impact on SOR after RCR 17 and could exist as a confounding variable as the presence of several comorbidities has been associated with increased tear size. 4, 6, 14, 15 However, this does not detract from the knowledge that comorbidities are associated with SOR and outcomes, as this understanding will likely help guide physicians' decision-making and patients' expectations. A significant strength of this study is its large cohort of patients. It also included large numbers of data points at each time interval during recovery, whereas a majority of previous studies primarily looked at data >2 years after surgery.
Conclusion
Diabetes most dramatically affected the SOR, with earlier plateaus in recovery and worse overall outcomes. Smokers plateaued at 6 months, whereas nonsmokers continued to improve up to 1 year postoperatively. Obese patients showed lower overall functional scores and ER postoperatively compared with nonobese patients. Hypercholesterolemia did not have a significant effect on overall outcomes. ROM measurements in obese patients and those with hypercholesterolemia plateaued early. Older age did not have an impact on SOR or overall outcomes. SOR for pain was 70%-83% Figure 4 Graphical depiction of mean outcomes during recovery after rotator cuff repair for patients with and without hypercholesterolemia. Outcomes shown include those with at least 1 statistically significant difference during recovery due to comorbidity status. *Significant difference.
Table V
Comparison of outcomes at various time points in recovery and the speed of recovery and plateau in maximal improvement for elderly patients (aged 65 years and older) and younger patients and outpaced that for function and ROM, regardless of comorbidity status.
